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Functionalization with MUHEG. The particles were centrifuged again and redispersed in 1 mM CTAB, followed by addition of an equal amount of 200 µM aqueous MUHEG solution under vigorous agitation. After overnight storage, residual ligands were removed by centrifuge washing three times with 250 µM CTAB, whereby the dispersion volume was halved in each step. The cleaned dispersion was finally concentrated up by multiple centrifugation steps to reach to an Au 0 concentration of 1700 mM (according to Abs400). 2 In general, the MUHEG-coated rods could be centrifuged safely with CTAB concentration as low 50 µM. Below that value irreversible particle aggregation started to occur, as corroborated by UV-vis measurements.
Nanoparticle assembly. Dispersions for assembly experiments were always prepared freshly by mixing aliquots of the concentrated stock dispersion with water or CTAB solutions and EtOH in 600 µL centrifuge tubes that were subsequently sealed and stored in the fridge for three days maximum. Due to the extremely high particle concentrations involved and the purposefully induced agglomeration of particles in these dispersions, special care has to be taken to ensure
proper dosing and mixing. Mixing by drawing up the liquid in a pipette tip or careful vortexing turned out to be preferable over sonication. Typically, an Au 0 concentration of 100 mM, a CTAB concentration of 100 µM, and an EtOH content of 66% were targeted. Depending on the dimension of the patterned stamp, either 2 µL (for 12 mm 2 total array size) or 4 µL (for 50 mm 2 array size) droplets of these dispersions were placed onto a PDMS stamp, left for a certain time span allowing for EtOH evaporation and particle pre-assembly, and then covered with a clean glass cover slip. The optimal timing for obtaining homogeneous arrays depends on the ambient conditions and dispersion composition, where for the formulation described above, a temperature of approximately 23 °C and a relative humidity around 60% an induction time of 45 -60 s was found to yield optimal results. Upon complete drying, the glass slide was lifted off and the PDMS stamp cleaned with adhesive tape and IPA. It should be noted that the largest sources of error in this procedure stem from the limited precision of pipetting very small volumes of the viscous, surface active liquids employed and the quick evaporation of EtOH from the stored assembly dispersions. It is therefore advisable to conduct periodic screening experiments checking the time needed for the droplet to develop a golden surface. As a rule of thumb, the target substrate should be applied 5 -10 s before a bright golden layer starts to grow from the bottom of the droplet toward its apex.
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Substrate and mold preparation. 3 Degassing the PDMS with vacuum in a desiccator for 2 hours was found to facilitate accurate structure reproduction from the micropatterned molds, which was then followed by curing at 100 °C for at least 45 min. AFM characterization of the employed square patterned molds can be found elsewhere. 4 The following Scanning electron microscopy. SEM micrographs were recorded on a FEI Quanta 250 operated in low vacuum mode setting (pressure: 100 Pa) or a JEOL JSM-5800 operated in high vacuum mode. Typically, the acceleration voltage was set to to 10 kV and the working distance to 5 mm.
The samples were characterized without prior sputter coating.
Transmission electron microscopy. TEM images of the AuNRs were measured with a JEOL
JEM-1400PLUS operated at an acceleration voltage of 120 kV. As substrates carbon-coated 400 square mesh copper grids were employed.
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AFM imaging. AFM height images were recorded in Tapping Mode TM on a Bruker Multimode V using TESP-V2 cantilevers (fr: 320 kHz, k: 42 N/m). For data processing the program Gwyddion was employed. First, all elevated areas were marked by hand and excluded from the subsequent line-fitting procedure, which was then followed by background leveling using the three-point plane fitting function and manual correction of the zero setpoint.
Surface-enhanced Raman scattering (SERS) spectroscopy. For SERS measurements a confocal Raman microscope (Renishaw inVia TM Reflex) with a 785 nm diode laser was utilized.
The spectra were measured through a 100x objective with an N.A. of 0.9, using a laser power of Initially, 100 MUHEG molecules were randomly placed in a 3.4 x 3.5 x 5.8 nm box
above the Au surface, solvated, and ionized using Na + . A steepest descent energy minimization S-7 was performed, and following simulations used a 2 fs time step and constraint of bonds between hydrogens and other heavy atoms using the LINCS algorithm. 10 Electrostatic interactions were calculated using the particle mesh Ewald (PME) method of summation with a cutoff value of 1.2 nm. 11 The "v-rescale" thermostat by Bussi, Donadio, and Parrinello was used to maintain a system temperature of 298K. 12 Following energy minimization and NVT equilibration, NPT simulation for 50 ns results in a uniform coating of MUHEG with thiol groups bound to the Au surfaces. The bound MUHEGs are removed from one of the Au surfaces (across the periodic boundary in the Z direction), and MUHEGs which were adsorbed with thiols facing towards the solvent were also removed. Following a further 50 ns NPT simulation to allow for lateral diffusion of the bound MUHEGs, 50 CTAB molecules are added to system and the system is solvated in water and simulated using the NPT ensemble for 100 ns. During this time, the insertion of CTA + molecules into the MUHEG layer is observed ( Figure S7 ). Finally, excess CTA + in the water box is removed, and from this point the system is treated as the surface of a MUHEG-functionalized Au nanorod in a CTAB solution.
This system was then solvated in 1800 water molecules after the addition of 50 or 80 CTAB molecules randomly placed in the box. Simulation using the NPT ensemble leads to the CTAB forming a micelle at the MUHEG interface within the first 10 ns, and over 200 ns of simulation the micelle remains bound at the interface. The output of 200 ns of NPT simulation in water is stripped of water, and then solvated with either 750 ethanols (100% v/v EtOH) or 400 ethanols and 1100 waters (52% v/v EtOH). These systems were each simulated up to 300 ns using the NPT ensemble. Trajectories were visualized using UCSF-Chimera and analysis performed using GROMACS built in packages. suggesting that the degree of particle agglomeration at the moment of substrate application determines the final outcome. Substrates with homogeneous arrays covering more than 50% of the total treated area are marked with a green frame. The remaining imperfections visible in these samples are mainly attributable to enclosed air bubbles and scratches on the PDMS stamps.
Variations of the diffractive colors between the samples stem from the use of stamps with slightly different periodicities ranging from 1.00 to 1.14 µm. 
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Figure S11. Extinction spectra of gold nanorod arrays with the square lattice parameter L varying from 400 nm to 1600 nm. The green dotted line corresponds to AuNRs dispersed in water. The values of the peak read-out from the spectra are listed in Table S2 below and compared for calculated positions of the diffraction peak occurring at the lattice dependent Rayleigh anomalies, assuming a refractive index of 1.55. 
